Introduction
Lidars can be used to measure backscatter of atmospheric aerosols and clouds [Menzies and Trait, 1994] , where the backscatter magnitude is in part indicative of particle number density. Their high resolution capability provides a unique method of measuring fine-scale atmospheric variations [Srivastava et al., 1995] '  I  '  I  I  I  '  I  I  I  I  _  I 
.. UTC is shown overlaid on the image with storm features labeled alphabetically along with wind vectors from the DC8 flight level data. From five GOES-7 IR images taken consecutively between 2030 and 2230 UTC, the digital IR cloud-top temperature (CTT) was determined at the co-located position of the DC8 flight track, and is shown in Fig.2(a) . The IR temperature corresponding to the closest pixel to the flight track location was used to assign a CTT value. Data resolution is -8 km which corresponds to a -33-s portion of DC8 data stream (DC8 speed -240 m s-t).
Accuracy of CTT estimates is believed to be better than 0.5 K.
Also, Fig.2(a) shows the IR temperature from nadir-viewing radiometer on DC8. This operates in the spectral band of 9.5 to 11.5 /am and has a 2°field of view which autoranges over three temperature spans to cover 208 to 328 K with +_0.5 K accuracy. CTT from GOES-7 was converted to cloud-top height (CTH), shown in Fig.2(b between 13for the two lidars is -0.94.
The total particle number density, N, and the particle size distributions, dn/dlog(D) (where n is the number of particles in the size bin around size D) at 10-s integration time from the FSSP (sample volume -10 .3 m 3) are shown in Fig.2(e) . A detailed description of the FSSP is given in Cutten et al., 1996 .
Total particle volume V obtained from a spherical particle approximation is also shown in Fig.2(e) to give a rough estimate of cloud ice content.
At diameter -I jam, specular reflection off ice particle surfaces could cause the enhanced particle count artifact.
Although caution needs to be exercised in interpreting FSSP size distribution data taken inside clouds in the presence of ice particles [Gardiner and Hallett, 1985] , the agreement between the two independent data sets, 13 and N, (along with dn/dlog(D) and V) is excellent with logarithmic correlation of -0.86, depicting the direct proportionality between 13and N.
Hurricane Eye Traverses
The DC8 and (k),theCTTrose, indicating lower CTH withcloud-free air aloft attheDC8 cruising altitude. TheDC8 then flewalong the north eyewall cloud (/). [3and N gradually decreased in(m), a band of clearer airsimilar to(g). The cirrus cloud band (n) outside the most intense part of the hurricane displayed considerable 13 variations. This is probably because DC8 flight level was very near the CTH, so that the lidars sampled anvil-top waves having large particle density fluctuations, also seen as fluctuations in particle size in n(D) ( Fig.2e) . At -2209 UTC, the west-to-east traverse of the eye began. 13 and N decreased briefly at -2210 UTC and then rose in the western eyewall cloud (o). At -2214 UTC, there was a further increase in 13due to heavy precipitation that lasted -1 min. [3 and N then dropped dramatically in the clearer air of the new eye (p).
In (q), there was a large increase in 13 and N, in association with rainband clouds merging in the original eye, stronger than that seen in (d) -I.6-h earlier, while the clearer air (r) has a structure similar to (p). 13 and N were very large in the eastern eyewall cloud (s), but no heavy precipitation was observed there. In each of the eyewall regions sampled (b, d,f, o, q, s) this time the feature was sampled at -8.2 km altitude.
Here, [3 is comparablc to (o, q, s) , but N has dropped considerably relative to 13, which may be due to possible changes in particle morphology at the lower altitude and higher temperature. Low 13 due to low N indicates lesser convective activity which would not support a high CTH. Hence, whenever the DC8 is in clouds, variations of lidar-measured 13 along the flight track correspond to the crossing of contours of N in the field of cloud particle density (as seen in Fig.2e ), the latter of which is in turn associated with the cloud activity as indicated by the CTH (Fig.2b) . In regions where the CTH is above the DC8, comparison of CTH with the two separate in-situ data sets shows the correlation between logN and CTH, and between Iog13 and CTH (remapped to a common grid of CTH data) to be -0.6 and -0.5, respectively. Because these correlations cannot fully account for differences associated with the dissimilar spatial resolutions of the in-situ versus satellite data sources, we suspect that the real correlation is even higher. Therefore, in vigorous convective systems CTH itself may be a possible indirect indicator of changes in the particle density field and 13variations at a given height within the upper levels of the cloud. This suggests an intriguing possibility of using large-scale satellite data to infer some of the deep cirrus cloud microphysieal parameters. However, more research should be pursued to verify this further and determine the detailed height dependence of the 13-CTH and N-CTH correlations for various cloud types as well as their possible utility for parameterization of global backscatter fields within clouds.
Discussion

